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(57) Pectiepar: 

Mcnonb30BaHne: b aneKiporexHUKe npn 
naroTOBneHMM cBepxnpoBOflfiu^ero npoBOAa H3 
NbaAl, KOTopbiM nweeT BbicoKyjo 

CSepxnpOBOAMMOCTb M OAHOpOAHOCTb 

xapaKxepucTi/iK m Mo>KeT npMMeHHTbCfl Anw 
MaroTOBJieHMFi KpynHoraSapnTHbix npoBOAHUKoe 

MflM KaryUJeK MHAyKTHBHOCTH. CyLL^HOCTb 

naoGpeTBHUR: KOMnoaur, coAep>K:aLJ4nPi Nb m AI, 
CtXJpMMpyfOT B BUfle KOMn03MTHOro Nb/AI 

npoBOAa, cocTOflLMero m3 MerannnMecKoro Nb 
MjiM cnraBa Nb n MeTannnMecKoro AI nm 
cnnaaa AI. flpw TepMoo6pa6oTKe nonyMeHHoro 
KOMno3MTHora npoBOAa ero nepeMeu^afOT qepea 
30Hy noBbtLueHMP TeMneparypbi neMn atifi 
Harpeea or KOMHaiHOM Tewneparypbi ao 
ycTaHOBneHHOui TeMneparypbi. 3aTeM 
nepeMemaKDT HarpeibiM KOMnoanTHbiR npoBOA 
Mepe3 30Hy BbtAep)KKM TeMnepaxypbi neqn Ann 
BbiAep>KHBaHmq ero npn ynoMflHyroii 
ycraHOBneHHoPi TeMnepaiype. BbiAep)KaHHUP^ 
npn ynoMflHyroM ycTaHOBneHHot^ reMneparype 
npoBOA nepeweLL^aioT Mepea aoHy oxna>KfleHMfl 
AHR oxjia>KAeHM5^ OT ynoMflHyroM 
ycTaHOBJieHHoi^ TewnepaTypbi ao KOMHaTHoM 
TeMneparypb!. Ha nocneflHePi craflMH 
ocyu^ecTBJiyiioT ero aaKnkwuTenbHyio 



TepMoodpadoTKy. ripn gtom ynoMfiHyTbie 
onepai^nM Harpeaa KOMno3HTHoro npoBOAa. ero 
BbiAep>KKn npn ycTaHOBJieHHoC^ reMneparype n 
oxna>KAeHHH ocymecTB/iHioT HsnpepbiBHO npn 
HenpepbiBHOM ero nepeMeu^eHnM. 2 c, n 5 3.n. 
ct)-nbi, 1 Ta6n. , 3 an. 
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(57) Abstract: 

FIELD: electrical engineering. SUBSTANCE: 
wire is pro(duced from NBaAt material 
possessing high superconducting properties 
and uniform characteristic. Composite 
materia! incorporating niobium and aluminium 
is shaped to obtain composite wire Nb^AI 
composed of niobium or its alloy and 
aluminium or its alloy. During heat 
treatment, composite wire is passed through 
increased-temperature region of furnace for 
heating it from room temperature to preset 
point; then heated composite wire is passed 
through furnace temperature maintenance 
region to exposed it to mentioned preset 
temperature. Wire held at mentioned preset 
temperature is then passed through cooling 
region to cool it down from mentioned preset 
temperature to room temperature. For final 
operation, it is also subjected to heat 
treatment. Mentioned heating, exposure, and 
cooling operations are made continuously 
while displacing wire throughout entire 



process. EFFECT: improved superconducting 
properties and uniformity of characteristics 
of wire produced, 7 cl, 3 dwg, 1 tbi 
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MaoepereHne othocmtca k cnoco6aM 
H3roTOBneH^)5R csepxnpoBOA^Lnero nposoAa, 
6onee KOHKpeTHO, k cnoco6y n3roTOBneHHFj 
CBepxnpoBOflJiLnero npoBOfla H3 Nb sAI, 
ncnonbsykuiHeroc^R b KaMecTse 

cBepxnpoBOAfiLHHX MarepnanoB Anfi cosAaHUfl 
curibHbix MarHi/iTHbix noneM b cBepxnpoBOA^im/ix 
MarHnrax, KOTopbie npi^MenqjoTca b yiflepHOM 
cMHTese nnn b noflo5Hbix ycTanoBKax. 

CBepxnpoBOA^iLMMf^ Marepnan NbsAI MOtcer 
ncnonbsoBaTbCfl, b nacTHOCTH. b KaMecrse 
Marepi/iana Ana peaicropa yiflepworo CMHreaa. 
Tfle B cMfibHOM MarHMTHOM Hoiie Marepnan 
noflBepraercFi BoaAeC^cTBMio sHaMHTenbHbix 
MarHMTHbix cun. 3tot cBepxnpoBonflninC^ 
Marepnan MO>KeT ncnojibsoBaTbCH a Ka^ecTBe 
cBepxnpoBOflHU4ero Marepnaria, 
HaKaniikiBaKSLi^ero SHepmK), BcneACTBkie 
6onbUJoro KpurnMecKoro roKa m oneHb xopomero 

COnpOTMB/ieHMJI K Aecf30pMaL\MM B CHJlbHOM 

MarHHTHOM none. OAHaKO, tpvaho naroTOBHTb 
TOHKyMD npoBonoKy na NbsAI. KOTOpbii^ nanaeTCfl 
MHTepMeTannimecKMM coeaMHeHneM, 
BcneACTBue Huaraf^ ero npuroflHocTM k 
o6pa6oTKe n HeoflHopoAHOCTM, b orni/iMMe or 
ceepxnpoBOAJiLL^ero Marepnana, wanpniviep, 
cnnaaa Nb-Ti. riosTOMy, Ann roro MToGbt 
noriyMMTb cBepxnpoBOAFni^nPi npoBOA M3 NbsAI, 
MeTanriMHecKut^ Nb n MeTariJiMHecKnC^ Al. 
o6bmHo coeAUHHKDT Apy c APyow. oGpaayfl 
KOMno3ni4MOHHbiti Maxepnan, m sarew 
BbiTflrMBaKjT ero b tohki^m npoBOA, KOTopbiti, e 
CBOK) OMepeAb, Ha 3aKJiK)HHTenbHOM craAHn 
noABeprarar TepMoo6pa6oTKe. 

KpoMe Toro, NbsAI cTa6MnM3HpyeTcfi b 
SuHapHyio CMCTewy Nb-AI TOjibKO npn BbtcoKOM 
TeMnepaiype no MeHbiueCi wepe 1600°C. 
nosTOMy, Anyi Toro HT06bj cx|jopMMpoBaTb 
Nb 3AI npn 6onee hmskom TeMnepaiype, 
Heo6xoAi^MO yMeHbLui/iTb paccro^Hkie Memfxy 
Ai^ct3C()y3MOHHbtMM napBMi^ Nb Al AO 

HeCKOnbKMX AeCflTKOB HM C nOMOLAblO 

nnacTMMHoro npOKara nnn APyroro noAo6Horo 
cnoco6a. 

OAHaKO B KOMnoakiL^noHHOM Marepuiane 
Nb 3AI, KOTopbit^ naroTaBfiMBaK)! nyrew 
c^oeAHHeHMJi MerannoB Nb m AL, BcneACTBue 
HM3Kot^ npuroAHOcTM K o6pa6oTKe. BonoKHa na 
TaKoro MarepMana, BbinoriHeHHbfe b BHAe 
TOHKoro npoBOAa, npofleriFiK)! HeoAHopoAHyK) 
AectDopiviau,nfo. noaroMy cBepxnpoBOAflLAnii 
npoBOA H3 NbgAI, noJiyHeHHbii?^ npn lennoBOM 
o6pa6oTKe sToro KOMno3ni4noHHoro Marepnana, 
He Mo>KeT HMeib AocraroMHo BWCoKyio 

nnOTHOCTb KpHTMHeCKOrO TOKa, 

KpoMe Toro, CBepxnpoBOAflu^ee coeAHHSHMe, 
TaKoe KaK NbsAI, cKpyHnaaK)! b KaryLUKy laK 
HasbisaeMbiM mgtoaom "peaicTHBHoCi nawoTKn" 
nepeA TepMOo6pa6oTKOM. nocKonbKy 

CBepxnpoBOA?iLL4ne cBOMCTsa a SHaHMTenbHoC^ 
cTeneHM yxyALuaKDTca npn laKoiJi AecfiopMai^nn 
KaK v\3ru\6, OAHaKO, KOPAa cx^opMnpoBaHHan 
KaryiLiKa yeennHUBaeTCJi b paawepe, to TpyAHO 
BbinoriHMTb OAHopoAHyio TepMOo6pa6oTKy laKoC^ 
KaTyuJKM B L^enoM. 

Pj\7\ Toro, HTo6bi ynyMLUHTb 
CBepxnpoBOAMMOCTb, npeAnoHTMie/ibHO, mtoSw 
ccf3opMnpoBaHHbiC^ MaTepnaJT NbaAl HMen 
cocraB, SnMaKMM k cTexHoweTpuMecKOMy, n 
o6naAan TOHKOKp^cTannnqecKoft cTpyKrypoM 
aepeH. TaKoC^ MaTepnan MO>KeT 6b!Tb nonyMen 
npM ocyLqecTBneHMM TaKoi^ TepMOo6pa6oTKM, 
KorAa 33 KopoTKoe Bpewsi Tewneparypy 
noAHMMaicT AO MaKCkiManbHO bo3mo>khoP^ 
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TeMneparypbi, npn KoiopoCi stot NbsAI 
BbiAep>KHBa}OT, a aaieM pe3KO oxna?KAafOT 
Marepnan ao KOMHaTHof^ TeMnepaiypbi. OAHaKO 
ocymecTBHTb laKkiM o6pa30fvi lepMooGpaBoTKy n 
oxna>KAeHMe GofibLUOM no pasMepy KaryujKn 

OHGHb CnO^KHO, 

HaBecTGH cnocoS M3roTOBneHn;i 
cBepxnpOBOAfiLMero npoBOAa. cxjrnacHo 
KOTopoMy TBopAbtC^ pacTBop MeTacTaSMfibHoro 
Nb>AI cfiopMnpyeTCfi nyrew HenocpeACTBeHHoro 
pesMCTMBHoro Harpesa [1]. B M3BecTHOM 
cnocoSe ipeGyerc?! npuMeneHi/ie BbicoKoCi 
TeMneparypbi. no3TOMy MeAb nnn weAHbiM 
cnnaB He Moryr 6biTb ncnojibsoBaHbi b KBHeciBe 
CTa6miid3npyioLL4ero MaTepnana. 

M3BecTeH TaK>Ke cnocoG nsroroBneHUfl 
CBepxnpoBOA^LL^ero npoeoAa, cornacHo 

KOTOpOMy MHOrOKHJIbHblM npOBOA. COCTOFILHHC^ 

H3 Nb B KanecTBe GaaoBoro MeTanna n 
cepAMeBMHbi M3 anKDMUHun mjim ajiKDMnnneBoro 
cnnasa, norpy>KaeTcfl b pacnnaBneHHbiJ^ Meiann 
Ana oepaaoBaHMR cTexnoMeTpuMecKoC^ 
KOMnoawm/iM Nb3Al m noKpbiTi/iH 
cTa6Mnn3kipyK3U4ero Maiepnana. aaiew npoBOA 
oxna>KflaeTcq ao KOMHaiHOM Tewnepaiypbi m 
BHOBb noABepraeTca TepMOo6pa6oTKe [2]. Ma 
3Toro >Ke MCTOMHUKa MaaecTHa ycraHOBKa Anfl 
naroTOBneHMJi csepxnpoBOAflmero npoBOAa, 
coAep)KaLAaa cpeACTBa Harpeaa ^ cpeACTBa 
oxna>KAeHMq. B 3tom MasecTHOM ycrpofi^cTBe 
TepMOo6pa6oTKa npoBOAHTCJi b saHHe 
pacnnaeneHHoro cTaBunnaMpyioiAero Merajina m 
bc?i nnHUJi noMSLAeHa b oTAenbHyio Kaiwepy. 
(soeAHHeHHyto c saKyyMHbiM HacocoM n 
MCTOMHMKOM noAS'^M MHepTHoro Tasa. 

K HBAOcTaTKaw MasecTHoro penieHun mo>kho 
oTHecTM TO, MTO B KaHecTBe SaaoBoro MeTaxina 
b HeM ncnonbaoeaH Nb, flBnnK)Li4HMCfl 
cBepxnpOBOAHMKOM npn HuaKOM ypoane 
MarHMTHoro noJiJi. riocKonbKy Nb nweeT 
MeHbUjyio TennonpoBOAHocTb i/i 6onee BbicoKoe 
aneicrpi/iMecKoe yAenbHoe cjonpoTUBneHUe, new 
MeAb M noAo6Hbie eC^ waTepnanbt, to 
nonyHaeMbii^i b peaynbTaTe npOAVKT 
xapaKTepi^ayeTCP KaK TennosoM. TaK n 
9neKTpoMarHHTHOM HecTa6nnbHOCTbK), 

fljifi peLueHMfl BbiLueyKasaHHbix npoCnew b 
AaHHOM H3o6peTeHnn npeAnaraercR cnoco6 
H3roTOBneHHJi caepxnpOBOAi^Li^ero npoBOAa H3 
Nb3AI, nMetoLAero OMGHb xopoiuyjo 
caepxnpoBOA^iMocTb n OAHopoAHbie, 

xapaKTepucTMKM. TaKne npoBOAa MoryT 

npHMeHJlTbCfl ATlfl M3rOTOBneHI/l5R 

KpynHOMacLUTa6Hbtx npoBOAHMKoe unM KaTyiueK 

MHAyKTMBHOCTM. 

yKa3aHHbiP^ peaynbTar, b cooiBeTCTBUM c 
i/!3o6peTeHneM, AocTuraercfl b cnoco6e 
naroTOBnennfl csepxnpoBOA^iLAero npoBOAa na 
NbgAI. npn KOTopoM KOMHoanT. coAep)KaLAMC^ Nb 
n Al, noABepraiOT TepMOo6pa6oTKe, 
BKnK3»-iaK3LAet^ sTanbi Harpeaa \a oxna>KAeHHFi, 
npn KOTopoM KOMnoai/iT, coAep)KaLLj,Mi;^ Nb i/i Al. 

CfiOpMMpyiOT B BMA© KOMnoaHTHOPO Nb/AI 

npoBOAa, cocTOflinero Ma MeTannnMecKoro Nb 
nnn cnnasa Nb m MeTaruinHecKorQ Al unw 
cnnasa Al. a npn TepMoo6pa6oTKe nonyMeHHoro 
KOMnoanTHoro Nb/AI npoBOAa nepeMeij^aioT ero 
Mepea aoHy nosbiujeHnji leivinepaTypbt nenn AnR 
Harpesa ot KOMHaTHoS^ lewnepaTypbi ao 
ycTanoBneHHoC^ TeMnepaiypbi. aaieM 
nepeweLAatOT HarpeibiC^ KOMnoanTHbiR Nb/AI 
npoBOA Mepea aony BbiAspJKKn TeMnepaiypbi 
ne^M An« BbiAep)KMBaHMn ero npn ynoMflhyioC^ 
ycTanoBJieHHoR Tewnepaiype, aaieM 
nepeMeii^afoi KOMnoanTHbiM Nb/AI npoBOA. 
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Bbi/^ep>KaHHbiPi r\p\A ynoMSHyTOM ycraHOBfieHHOM 
TeMneparype, Mepes aoHy oxna)KfleHM5q flnyi ero 
oxna>K;qeHM5^ ot ynoMaHyioM ycTaHosneHHoPi 
TeMnepaiypbi jj,o KOMHaiHot^ Tewneparypbi, 
nocne Mero ocyu4ecTBJi5RK)T aaKfifOMHieribHyK) 
TepMoo6pa6oTKy KOMnosMTHoro Nb/AI npoBOfla, 
npoLueALuero nepea aoHy oxnaweHnfl, npn 3tom 
ynoMyiHyTbie onepaqnn Harpeaa KOMnoanTHoro 
Nb/AI npoBofla, ero Bbiflep>KKM npn 
ycTaHOBJieHHOM TeMneparype m oxna)KfleHL/iH 
ocyi4ecTBnfiK3T HenpepbiBHo npn HenpepbiBHOM 
nepeMeLL\eHMM ynoMflHyroro KOMno3MTHoro Nb/AI 
npoBOfla. 

CornacHo flaHHOMy M3o6peTeHHK> aran 
Harpesa KOMnoanTHoro Nb/AI npoBO^a ot 
KOMHaiHOL^ TSMneparypbi flo 3aAaHHoP^ 
TewnepaTypbi n sian BbiAep>KKH npOBOfla npn 
aaflaHHoPi TeMneparype ocymecTBnnKDT 
HenpepbiBHo nocpeACTBOM HenpepbiBHoro 
nepeMeiJ4eHiifl npoaofla. B pesynbiaie Hero 
ocymecTBnflKJT HenpepuBHyio lennoByio 
o6pa6oTKy KOMnoaniHoro Nb/AI npoBOfla, Tbkum 
oGpaaoM bo3mo>kho npoBOflnib rennoByKD 
o6pa6oTKy KOMnoaniHoro Nb/AI npoBOfla npn 
6ojiee BbicoKoR TeMneparype aa 6onee 

KOpOTKOe BpeMfl no CpaBHSHHtO C TpaAHUI/lOHHOR 

o6pa6oTKoR no »-iacTyiM. CneAOBaTeribHo, 
B03Mo>KHO roMoreHHoe 4)opMMpoBaHMe NbsAI, 
KOTopbit^ HMeeT cocTas 6nv\3m\h k 
cTexMOMeTpuMecKOMy m BbicoKyfo nnoTHOCTb 
rpaHUMHbix aepsH KownoaiiTOB Nb/AI npoBOAa, 
KOTopbie cny>KaT neHHMHroBbiMn neHTpaiviM 
BAOJib Bceih AnnHbi npoBOAa. 

KpoMe Toro, cornacHO AaHHOMy 
ii3o6peTeHnio BbiiueynoMfiHyTyK) 
TepMOo6pa6oTKy BbinojiH^KDr HenpepbiBHo npn 
HenpepbiBHOM nepeMeiiieHnn npoBOfla. 

riOSTOMy, MOKHO OXJiaAMTb K0Mn03MTHbl£^ Nb/A! 

npoBOA 3a 6ojiee KopoTKoe Bpewfl no 
cpaBHeHkiK) c TpaAni4MOHHOi^ o6pa6oTKOi^ no 

HaCTHM. CjlBAOBaTeJlbHO, B03MOKH0 COXpaHMTb 

BbrcoKMe noKa3aTe-nM Nb3A!, KOTopbiM 
(tiopMnpyeTcn Ha aranax rennoBoi^ o6pa6oTKM. 

npeAnoHTHTejibHo, MToGbi BpeMfl narpesa 
npOBOAa OT KOMHatHoPi TeMneparypbi ^o 
ycTaHOBjieHHOM TeMnepaTypbi 6bino b npsflenax 
1 MMH. Ecnn 3T0 Bpewfl npeBbiLuaeT 1 mum, to 
TpyAHo ccfDopMnpoBaTb NbsAI, KOTopbiii no 
cocTaBy 6nn30K k cTexMoMeTpi/mecKOMy m HMeer 
BbicoKyio njioTHocTb rpaHUMHbix 3epeH. 

^peA^o'-^THTeJ1bHO, «-^To6bl BpeMfl 
oxjia>KAeHMfl nposoAa ot ycTanoBJieHHofi 
Tewneparypbi p,o KOMHaTHOM Tewneparypbi 
TaioKe 6bino b npeflerax 1 muh. Ecnn 3To BpeMH 
npeBbiLuaeT 1 mmh, TpyAHO coxpannTb BbicoKne 
xapaKTepMCTMKM c4)opMiipoBaHHoro NbsAI, 

npeflnoMTMieribHo, nroGb! ycraHoarieHHafl 
rewneparypa cocraBjiflna no MenbiueJ^ Mepe 
800°C. 

B 3T0M Gnynae bo3MO)kho cct>opMMpoBaTb 
Nb 3AI, KOTopNM no cocTasy 6nn30K k 
cTexnoMerpuHecKOMy m mmbst BbicoKyio 
nnoTHocTb rpaHUHHbix 3eF)eH, cjiy>K:amnx 
neHHMHroBbiMn LieHTpaMn. Echm ycTaHOBneHHafl 
TeMneparypa nweeT wiaKcuManbHo B03MO>K:HyK} 
BejiMMMHy B npeAsnax fli/ianasoHa, b KOTopoM 
MaTpuL^a He nnaBHTCfl, n npoBOA 
BbiAep>KMBaeTCfl npw ycTanoBneHHoti 
TewnepaType wenee necKoribKnx agcatok 
ceKyHA, to bo3wo>kho ccf^opMnpoaaTb NbsAI, 
MMeroiAMM 6onee BbicoKne xapaKxepucTHKn, 

DpeAnoMTkiTeribHo, MTo6bi cnocxaG 
AononHMTeribHo sicifOHan 3Tan narpesa 
KOMnosMTHoro Nb/AI npoBOfla, KoropuC^ 
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npoxoAMT Mepes oxra>KAeHHywD nacrb, flo 
reMneparypbi He 6oriee neM 800 °C b renenne 
no MeHbLuePi Mepe 10 m. B 3Tom cnynae 
HeoAHopoAHafi Ae4>opMaL4M;i, Koropoii 
noAsepKeHbi Kpucranjibi cMeLuaHHoi^ cfiaabi 
Nb 3AI, yweHbiuaeTcfl HacroribKO, mto bo3mo)kho 
nonyMMTb CBepxnpoBOAflLAHi^ nposofl m3 NbsAI. 
AaroiAufi roMoreHHbie xapaKrepucrnKH BAonb 
BceM AnnHbt npoBOAa c bwcokom nnoTHOcibio 

KpMTMMeCKOrO TOKa. 

CornacHo flannoMy M3o6peTeHwio bo3ivio>kho 
McnonbsoBaTb KOMnoanTHbii:^ Nb/AI npoBOA, b 
cocraB KOToporo bxoamt weAb nnn cnnaa weflu 
Ann GTa6MnM3ai4MM. 

BbiLueyKasaHHbii^ pesyribrar AocTuraeTcn 
raoce reM, hto ycranoBKa ahj^ naroroBneHUfl 
CBBpxnpoBOAfliAero npoBOfla us Nb 3AI, 
coAep>KaLnafl cpeACTBO narpesa n cpeACTBO 
oxna)KAeHMfi, b cooTBercTBHn c M3o6peTeHMeM 
coAep>KHT cpeACTBO Anfi noAaMM m 
nepeMeu4eHMfl KownosMTHoro Nb/AI npoBOAa, 
cocrofimero m3 MeranjinHecKoro Nb njin cnnaBa 
Nb M MerajinnHecKoro Ai nnn cnnasa Ai, 
cpeACTBO Harpeaa BbinonneHo b bmab neni/i, 
MMetoiAew 30Hy noBbiLueHun rewneparypbi w 
30Hy BbiAep>K:KM reMneparypbi, pasMemeHHbie 
nocneAoaarenbHo na nyrn nepeMeu^eHMfl 
KownoanTHoro Nb/AI npoBOAa, a cpeACTBo 
oxraweHUfl BbtnoriHeHO b bi/iao oxjiawamLAero 
pesepsyapa, paaMemeHHoro Ha nyrn 
nepeweLneHMfi KOMnoanrhoro Nb/AI, npoBOfla 3a 
30HOM BbiAep>KKM TeMnepaTypbi nenn. 

Ha ct)Mr. 1 npeAcraareHO ceMenne, 
Li3o6pa>KaioiAee crpyirrypy reKcaronanbHoro 
ynacTKa, c4)opMMpoBaHHoro nyreM ">KerePiHot^'* 
(nnacrnHHOt^) npoKarKu; na ct)nr.2 - ceneHne, 
cxeMaTMHHO M3o6pa>KatoLAee crpyKrypy 
KOMnoanTHoro Cu/Nb/AI) MHoroKunbHoro 
npoBOAa, 1/1 na ($inr.3 - ceneHkie, nsoSpaxaioiAee 
BapnaHT ocyiAecTBTieHUfl ycraHOBKM aha 
MsroroBjieHUfl cBepxnpoBOAflinero npoBOAa na 
nbsAI corjnacHo AaHHOwy Mao6peTeHMK). 

ripuMep 1 

JlMCT HM06Mn M JIUCT aJlJOMMHUfl HaMOTaHbl 

Ha MeAHbii^ CTep>KeHb b BMAe MepeAyKHAMXcn 
BMTKOB, a nojiyneHHafl o6MOTKa BcraaneHa b 
MeAHyio TpySicy m aaieivi noABeprnyia BbiTn)KKe c 
o6pa30BaHMeM reKcaronanbHoro ceneHMfi. 

Ha ctur. 1 npeAcraBJieHo ceMeHne, 
M3o6pa5KaK)iAee CTpytrrypy reKcaronanbHoro 
ynacTKa, cxfjopMnposaHHoro BbimeynoMflHyTbiM 
cnocoGoM, 

CornacHo ct)nr.1, sror reKcaronanbHwR 
yMacTOK oGpasoBan weAHof^ Marpni^eM 1, 
KOTopafl pacnonoKena b ero uenrpe, 
MeianjiMHecKMM jimctom huoGmh 2 n 
Meiannn^ecKMM hmctom anjoMUHnq 3, KOTopwe 
noo^epBAHo HaMoraHbi na MarpMuy 1, a raK>Ke 
MSAHot^ MarpuL^eM 4, Koropai^ cctiopMnpoBana 
BOKpyr HMX. MsAHbie Marpi/mbi 1 n 4 BbinojiHflfor 
cJiyHKUMio CTa6MnM3MpyKDLAnx MarepnanoB. Ha 
rpaHMHHbix ynacTKax Me>KAy o6motkoR, 
BbinonneHHoft MepeAyiCLneiicn nawoTKoC^ 
MeranjiMHecKnx nucroB HMo6kifl 2 m a/iioMMHMH 
3, M MBAHbiMH MarpkmawM 1 m 4. Koropbie 
HaxoA^TCfl B L^enrpe m no BHeiUHeM 
OKpy>KHOcrbHD 06MOTKM, HaMoraH ronbKo 
MerannnHecKi/iM rucr Hno6n5q, KoropbiPi 
onpeAerifier Ai^cpcfDysnoHHbie 6apbepHbie cnon 5 

M 6, COOTBerCTBeHHO. 

M3 520 raKMX reKcaronanbHux cerweHroB, 
coeAHHeHHbix n BcraBneHHbix b MeflnyKD rpySKy 
nsroroBjieH KOMnosnTHbii^ Cu/Nb/AI 

MHoroKunbHbiM npoBOA, nMeioLnnM ceneHne 1,29 
MM. flnfl aroro MeAHyio rpy^Ky c 
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reKcaroHaiibHbiMM cerweHraMki noAsepmn 
o6pa6oTKe b npoueccax npoTflmsaHUfl c 
SKCTpysnoHHbiM npeccoBaHneM m 

pacTflrnsaHneM, CKpynnBaHHHK) m c^opwoBKe. 

Ha cjDnr.2 npeAcraBneHO ce^eHne, 
cxeMarnHHo n3o6pa>Kajomee crpyKrypy 
KownoanTHoro Cu/Nb/At MHoro)KnnbHoro 
npoBOAa, nonyHeHHoro BbiLueynoMflHyrbiM 
cnocoSoM. 

CornacHo ctDi/ir.2. 3tot KOMnoanTHWki 
MHoro>KHJibHbiCi npoBOA c4)opMMpoBaH kl3 
cTa6nnM3npyK)U4ero Marepnana 7, cocToflLi^ero 
H3 Mepy[, M HecKOJibKWx 3aAeJiaHHbix b Hero kmh 
8. CTa6i/inn3npyKDLL^Mui Marepnan 9, cocTofiLUMi^ 
M3 MSflM, HaxoAHTcq B L^eHTpe Ka>KAOM >Knnb! 8. 

K0Mn03MTHbif^ MHOrOKHnbHblM npOBOfl, 

nonyHeHHbiP^ BbiLueynoMFiHyTbiM cnocoSoM, 
noABeprancfl renjioBOi^ o6pa6oTKe cornacHO 
AaHHOMy i/i3o6peTeHHK) Ana MaroroBJieHi/ifl 
CBepxnpoBOAHii^ero MHoro>KMribHoro npOBOAa M3 
NbaAI. 

Ha ct>Mr3 npeAcraBneHO ceHeHne, 
H3o6pa>KaK)iAee sapnaHT ycraHOBKH mi9{ 
naroTOBfieHMFi cBepxnpoBOAfliAero npoBOAa na 
NBsAt comacHo AaHHowy M3o6peTeHMfo. 

KaK noKasaHO Ha 4}kir.3, ycraHOBKa BicnwDHaeT 
neHb HenpepbiBHOM TepMoo6pa6oTKM (Tpy6HaTan 
3neKTpmecKB9\ nenb) 12, coAep>KaLnyK5 30Hy 
noBbiiueHM^i reMnepaiypbt 10 m aoHy BWAep>KKM 
11, oxna)KAaioiAMCi pesepayap 13. noAaroiAyro 
KaryiLiKy 15, o6ecne4HBaioLL^yfo noAa^y 
KOMnoanTHoro MHoro>KMnbHoro npoBOAa 14 b 
neHb HenpepbfBHoCi TepMoo6pa6oTKM 12, a 
TafOKe npnewHyio KaryujKy 17, o6ecneHMBaKDLL;yK3 
npuiew cBepxnpoBOAFiinero npoBOAa 1 6 bia 
NB 3AI, nonyneHHoro nocne npoxo>t<AeHHFi 
KOMnosMTHoro MHoro>KMHbHoro npoBOAa 4epe3 
oxna>KAafou;Mii pesepsyap 13. 

KoMno3HTHbiM Cu/Nb/AI (MHoroKunbHbiii 
npoBOA 14, nony^eHHbfM BbtLueynoMfiHyTWM 
cnocoGoM, nponycKann Mepes 30Hy noBbiuJeHUfi 
TeMnepaiypbi 10 c noMOLUbJo noAaHDinePi 

KaTyUJKM 15. KOMn03MTHb!£4 MHOrO>KI/lHbHblPi 

npoBOA 14 nponycKann ^-jepes soHy noBbiLueHUfi 
rewneparypbi 10 sa 30 c, npn stom ero 
Harpesann or KOMHaiHOM Tewneparypbi ao 
900 °C. 3aTew KOMno3MTHbii^ MHoroKunbHbif^ 
npoBOA 14 nponycKajiM nepes 30Hy BbiAep>KKn 
1 1 npn Tewneparype 300 b reMBHue 1 mi/ih, npn 
3TOM B TeneHne 1 mmh ero reMneparypy 
noAflep>KHBaJin Ha ypoBHe 900 °C, Bo Bpewfl 
sToro HarpeBa npM nponycKaHi/in KOMno3MTHoro 
MHoroKunbHoro npoBOAa 14 Mepea TpySMaryKD 
3neKTpM4ecKyio ne4b 12, BfcnKD^aKDiAyK) aoHy 
noBbiLueHMfl TeMnepaiypbi 10 m 30Hy BbiAep>KKM 
11, neMb HaxoAnnacb b arMoccfsepe aaora. 
Sarew, HarperbiC^ npOBOA 14 nponycKann 4epe3 
oxna)KAafou;M£^ pe3epByap 13 b reneHne 30 c, 

AHfl TOrO MT06bl OXnaAHTb ao KOMHaiHOM 

TeMnepaiypbi, m noone oioro noAasann Ha 
npneMHyto KaryoiKy 17. 

npoBOA, o6paGoTaHHbfR BbiiueynoMflHyTbiM 
o6pa30M, B AanbHeC^iueM noABeprann 
TepMoo6pa6oTKe b BaKyywHoR aneKipuHecKoi^ 
neHM npM lewneparype 750°C b leneHMe 50 4, 
B peaynbiaie Mero nojiyHariM CBepxnpoBOAWLAnW 
npOBOA H3 NbsAI. 

ripuMep 2 

K0Mn03HTHblPl Cu/Nb/Al MHOrOKHJlbHbfC^ 

npoBOA, onucaHHbiM b npuwepe 1 , nponycKann 
Hepes Tpy64aTyK5 aJieKxpn^ecKyK) ne^b 12 b 
aiMoccj^epe asoia n nepes oxna>KAa to 1141/11^ 
pe3epByap 13 ahanornyHbiM o6pa30M, KaK b 
npnwepe 1 , aa ncKnioHeHMeM pe>KHMa narpesa. 
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K0Mn03MTHblL^ MHoro>KnnbHbit^ npoBOA 
nponycKann Mepea sony noBbiLUSHnFi 
TeMnepaiypbi 10 b leneHne 30 c, aJ^J^ 
oSecne^eHMfl narpesa aa 30 c ao 1050°C. Plpn 
STOi^ leMnepaiype ero nponycKann Mepea soHy 
BbiAepKKM 1 1 B leMGHne 1 mmh, a aaieM - ^epea 
oxna>KAaK)i4MM peaepByap 13, b Koiopoiw ero 
oxna>KAanM ao KOMHaiHOi^ Tewnepaiypbf 3a 30 
c. 

06pa6oTaHHbiM laKMM o6pa30M npoBOA B 
AanbHeMLueM noAseprariM iepMoo6pa6oTKe b 
BaKyyMHoC^ sneKipMHecKOM neHM npn 750 °C 
Bne^eHMe 50 h Anfl nonyneHMfi 
CBepxnpOBOAfliMero npoBOAHMKa M3 Nb 3AI. raK 
>Ke KaK B npMMepe 1 . 

ripMMep 3 

KownoSMTHblM Cu/Nb/AI MHOrOJKMflbHblM 

npOBOA, onMcaHMbiM b npMMepe 1 , nponycKann 
nepea Tpy6Haiyio aneKipMHecKyio nenb 12 b 
aiMocctaepe aaora m Mepea oxjiaiKAaJcu^nM 
peaepeyap. tbk >Ke KaK b npMwepe 1, aa 
MCKniOMeHMeM peKwivia HarpeBa. KownoaMiHbiM 
MHoro>KMnbHbie^ npOBOA nponycKanM Mepe3 sony 
noBbiLueHMfl TeMnepaiypbi 10 b leqenMe 1 mmh, 
AHs^ o6ecne4eHM;i narpesa aa 1 mmh ao 
lewnepaiypbi 1050°C. PIpM arot^ leMnepaiype 
ero BbiAep>KMBanM b aoHe Bb}Aep>KKM 1 1 b 
leneHMe 1 mmh, a 3aieM nponycKanM nepes 
oxna>KAaK5mnM peaepayap 13, b KOTopoM aa 30 c 
oxna>KAanM ao KOMHarnoM TeMneparypbi, 

06pa6oiaHHbiM laKMM o6paaoM npoBOA b 
AanbHeMLueM noAseprann TepMoo6pa6oiKe b 
BaKyywHOM aneKipMMecKov^ neMM npM 
leMnepaiype 750 °C B leneHMe 50 h aha 
nonyMeHMFi CBepxnpoBOAflinero npOBOAa ms 
Nb 3AI, TaK )Ke KaK b npwMepe 1 . 

npMMep 4 

KoMnoaMiHbfi^ Cu/Nb/AI MHorojKMnbHbiPi 
npOBOA, onucaHHbiM b npMwepe 1, nponycKann 
4epe3 rpyGHaiyio aneKipMHecKyK) neHb 12 b 
aTMoc4)epe a30Ta m Mepea oxnajK^aratAMP^ 
peaepsyap 13, laK >Ke kbk b npMMepe 1, aa 
MCKniOHeHMeM peKMwa HarpeBa. KoMnoaMTHbiR 
MHoro>KMnbHbii^ npoBOA nponycKanM nepea aony 
noBbiLueHMji TeMneparypbi 10 b TeneHMe 2 mmh, 
An« o6ecneHeHMfl narpesa aa 2 wmh ao 
1050 °C, ripM aioC^ Tewnepaiype ero 
BbiAep>KMBanM b aone BbiAep>KKM 1 1 b leHehMe 1 
MMH, a aaTeM nponycKann nepea oxna>K;AaK)LAMM 
peaepsyap 13, b KOTopoiw aa 30 c ero 
oxna>KAanM ao KOMHarnoR TeMneparypbi. 

oepaGoiaHMbiC^ raKMM o6pa30M npoBOA s 
AanbHeL^LueM noABeprann repMoo6pa6oTKe b 
BaKyywHOM aneKrpMHecKOM nenn npM 
reMneparype 750 °C reHenne 50 4. raK >Ke KaK 
B npMMepe 1 , Ann nonyHeHUfl 
cBepxnpoBOAwinero npOBOAa M3 NbsAI. 

RpMMep 5 

KoMnosMTHbiM Cu/Nb/Al MHoro>KMnbHbii^ 
npoBOA, onMCBHHbiM B npi/iMepe 1 , nponycKann 
Hepea ipyGMaiyKj aneKipMMecKyK) nenb 12 b 
aiMoccf)epe a30ia n Mepe3 oxna>K;Aat<DLAnH 
peaepsyap 13, laK >Ke a npnwepe 1. aa 
MCKnKJHenneM pe^nwa Narpesa. KoMnoaMTHbiW 
MHoro>KMnbHbii?i npoaoA nponycKanM Mepea aony 
noBbiLueHMH reMneparypN 10 b reMeHne 30 c, 
Ans o6ecneHeHMfi narpesa aa 30 c ao 1 050 °C. 
ripM 3roC^ reMneparype ero BbiAap)»cMBanM s 
aoHe BbiAep>KKM 1 1 b reneHMe 2 mmh, a aarew 
nponycKanM Mepea oxna>KAaK)iAnM peaepsyap 
13, B KoropOM ero oxna>KAanM aa 30 c ao 
KOMHarHoCi TeMneparypbi. 

06pa6oraHHbiC^ raKMM oGpaaoM npoBOA b 
flanbHet^LueM noAseprann TepMoo6pa6orKe s 
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BaKyywHoti QneKrpi/mecKoCi nenn npn 750°C b 
TeMeHMe 50 m, raK >Ke ksk b npuwepe 1, fljiR 
nonyMeHU?! csepxnpoBOflyiLnero nposofla na 
Nb 3AI. 

ripuMep 6 

K0Mn03MTHb!M Cu/Nb/AI MHOrO>KMnfaHblM 

npoBOfl, onucaHHbiR b npuwepe 1, nponycKariM 
Mepea Tpy6MaTyK) aneicrpuMecKyHD nenb 12 b 
aTMocct>epe aaora m Mepea oxjia>K^iaK)iij,MC^ 
peaepeyap 13, raK )Ke KaK b npi/iMepe 1. aa 
MCKnKD'-ieHneM pe>KMMa Harpesa. KownoanTHbiW 
MHoro>KMnbHbiC^ npoBOA nponycKann nepea aoHy 
noBWLueHMR TeiMneparypbi 10 b TeneHne 30 c. 
AnR oSecneMeHkiR Harpeea aa 30 c ao 1050 °C. 
ripn 3ToC^ Tewineparype ero BbiAepKMBann b 
aoHe BbiAep)KKM 1 1 b reneHne 5 mmh, a aareiw 
nponycKann «-iepea oxnaxcflafoinnCi peaepsyap 

13, B KDTOpOM OXJia>KflanM 3a 30 C ao KOIWHaTHOM 

TeMnepaiypbL 

06pa6oTaHHbi£i raKMM o6pa30M npoeoA b 
AanbHei^iijeM noAseprann repMooCpaSoTKe b 
BaKyyMHoPi aneKTpi/mecKov^ neMM npn 750°C b 
TeMSHne 50 M, tsk >Ke KaK e npkiMepe 1 , 
nonyMeHM^i CBepxnpoBOAflLAero nposoAa na 
Nb 3AI. 

npuMep 7 

KoMnoanTHbiCi Cu/Nb/AI MHoroKunbHbiw 
npoBOA, onucaHHbiM b npuMepe 1, nponycKann 
Mepea Tpy6MaTyto aneKrpuMecKyfo neMb 12 b 
aTMoccf)epe aaora m Mepea oxna>KAaioLi4ni^ 
peaepsyap 13, raK >Ke KaK b npuviepe 1. aa 
i/^cKHJOMeHUBM pe>KMMa Harpesa. KoMnoanTHbiM 
MHoro>KMnbHbiC^ npoBOA nponycKann nepea aoHy 
noBbiiueHi/iR TSMneparypbi 10 b TeMeHne 30 c 
Ann o6ecne«^eHMfl HarpeBa aa 30 c ao 1050 °C. 
npM 3ToCi Tewneparype npoBOA BbiAepKnaann b 
aoHe BbiAep>KKn 11b re'-ieHne 10 mmh, a aarew 
nponycKann Mepea oxna>KAafoinMM peaepsyap 
13, B KOTopoM ero oxna>KflanM aa 30 c ao 
KOMHaTHOM TeMnepaTypbi. 

06pa6oTaHHHCi jamM o6paaoM npoBOA b 
AanbHeC^iLieM noAseprann TepMoo6pa6oTKe b 
saKyyMHoR sneicrp^MecKoCi nsMH npn 750°C a 
Te^eHMe 50 h, laK >Ke KaK b npuMepe 1, Anj^ 
nonyMeHi/iH cBepxnpoBOA^iLMero npuBOAa na 
Nb 3AI- 

RpMMep 8 

KoMnoai/iTHbiCi Cu/Nb/AI MHoro>KnnbHbii;^ 
npOBOA, onucaHHbiM b npuwepe 1, nponycKajm 
Hepea Tpy^HaTyfo 3neKTpMMecKyHD nenb 12 b 
aTMOcctDepB aaoTa m Hepea oxna>KAafOLij,MC^ 
peaepsyap 13, raK kg kbk b npi/iwepe 1, aa 
MCKHfOMeHneM pe>KHMa Harpesa, KoMnoanTHbii^ 
MHorotcunbHbiM nposoA nponycKanii nepea aoHy 
nosbiLueHMR TeMneparypb! 10 s TeneHne 30 c, 
AHfi o6ecneHeHH5^ Harpesa aa 30 c ao 1050 °C. 
npM 3JoQ\ Tewneparype npoBOA BbiAep>KM sarin s 
aoHs BbiAep>KKH 1 1 s reMenne 20 mmh. a aareM 
nponycKariM Mepea oxna>K^foinMM peaepsyap 
13, s KoropoM ero oxna>KAariM aa 30 c ao 
KOMHaTHoti reMneparypbi, OGpaGoraHHbiti tskum 
o6paaoM nposoA b AanbHeC^LueM noABeprariM 
TepMoo6pa6orKe b saKyyMHoCi sneKTpMMecKoCi 
neMM npM 750°C b reMeHMe 50 m, raK >Ke KaK a 
npMMepe 1 , An?i nonyMeHMR ceepxnpoBOAJiLMero 
npoBOAa H3 NbAl. 

ripMMep 9 

KoMnoaMTHbiM Cu/Nb/AI MHoro>KMnbHbi£^ 
npoBOA. onMcaHHbiR b npMwepe 1, nponycKanM 
Mepea rpyeMaryio sneKjpMMecKyio neMb 12 b 
aiMOccj^epe aaora m Mepea oxna>KAaK)mMM 
peaepByap 13, raK Ke KaK b npMwepe 1, aa 
MCKnioMeHMeM pe>KMMa Harpesa. KownoaMTHwC^ 
MHoro>KMnbHbiCi npoBOA nponycKanM Mepea aoHy 



noBbiLueHMyi reMneparypbi 10 b reMeHne 30 c, 
Ann o6ecneMeHMFi Harpesa aa 30 c ao 1050 °C. 
ripM 3roM rewneparype nposoA sbiAepjKMsariM a 
aone sbiAepXKM 11 s renenMe 1 mmh, a aareM 
nponycKanM Mepea oxna>KAafOLHMC^ peaepsyap 
13, B KoropoM ero oxna>KAanM aa 1 mmh ao 
KOMHaTHOti TeMnepaTypbi. 

06pa6oTaHHb!£^ raKMM o6paaoM nposoA b 
AanbHeWujeM noAsepranM repMoo6pa6oTKe b 
BaKyyMHoK aneKrpMMecKot^ neMM npM 750 °C b 
-TO reMeHMe 50 m. raK >Ke KaK b npMMepe 1. npM 
nonyMeHMM csepxnpoBOAflLnero nposoAa Ma 
Nb 3AI. 

npMMSp 10 

KoMnoaMTHbif^ Cu/Nb/AI WHorojKMnbHbiR 
npoBOA, onncaHHwi^ b npMMepe 1, nponycKanM 
Mepea rpyGMaryio aneKrpMMecKyK) neMb 12 b 
aiMOcctjepe aaora m Mepea oxnajKAarau^MC^ 
peaepsyap 13, raK ;Ke KaK b npwwepe 1, aa 
MCKniOMeHMeM pejKwwa Harpesa. KownoaMTHbii^ 
iviHoro>KMnbHbiC^ npoBOA nponycKanM Mepea aony 
noBbiLueHMji reMneparypbi 10 b reMeHMe 30 c, 
Any^ oGecneMeHMyi Harpesa aa 30 c ao 1 050 "^C. 
npM aroCi reMneparype nposoA BbiAep^KMsann b 
aone BbiAep>KKM lis reMenne 1 mmh, a aareM 
nponycKanM Mepea oxna)KAaK)iAMf^ peaepsyap 
13, B KoropoM ero oxnaJKAanM aa 2 mmh ao 
2S KOMHaTHOM TeMneparypb!. 

06pa6oraHHbit^ raKMM oOpaaoM nposoA b 
AanbHet^Luew noAsepranM TepMoo6pa6oTKe b 
saKyyMHot^ aneKrpMMecKOM neMM npM 750 °C s 
reMeHMe 50 m, raK >Ke KaK b npMwepe 1, 
nonyMeHMJR CBepxnpoBOA^mero npOBOAa m3 
Nb 3AL 

npMwep 1 1 

KoMnoaMTHbif^ Cu/Nb/AI MHoro)KMnbHbiR 
nposoA, oHMcaHHbiM B npMMepe 1, nponycKanM 
Mepea Tpy6Maryto aneKTpMMecKyio neMb 12 s 
arMOCcfiepe aaora m Mepea oxnajKflaKJiAMp^ 
peaepsyap 13, raK Ke KaK b npMMepe 1, aa 
MCKHJOMeHMeM peKMMa Harpesa. KoMnoaMrHbiR 
MHoro>KMnbHbiM npoBOA nponycKanM Mepea aony 
nosbiLueHMH reMneparypbi 10 b reMeHMe 30 c 
Ann o6ecneMeHMFi Harpesa aa 30 c ao 900 °C- 
ripM aroK reMneparype npoBOA sbiAepKMsanM s 
aone BbiAep>KKM lis reMeHMe 1 mmh. a aareM 
nponycKanM Mepea oxna)KAaMDii4MM peaepsyap 
13, B KOTOpOM ero oxna>KAanM aa 30 c ao 
KOMHaTHoR reMneparypbi. hocne aroro rpM 
raKMX npoBOAa cKpyMMsanMCb s nyMOK c maroM 
30 MM. 

rionyMeHHbii^ raKMM o6paaoM cKpyMeHHbii^ 
npoBOA B AanbHeMLueM noABepranM 
repMOoepaCoTKe b saKyywHOM sneKrpMMecKOM 
neMM npM 750°C b reneHMe 30 m. raK >Ke KaK b 
npMMepe 1 , Anfi nonyMeHMH cBepxnpoBOAflLnero 
cKpyMeHHoro npoBOfta M3 NbsAI. 

ripMMep 12 

KoMnoaMTHbiM Cu/Nb/A! MHoro>KMnbHbiM 
npOBOA, onMcsHHbiM B npMMepe 1, nponycKanM 
Mepea rpyCMaryKD aneKTpMMecKyto neMb 12 s 
arMoccfDepe aaora m Mepea oxna>KAaK3LAMM 
peaepsyap 13, raK >Ke KaK s npMMepe 1. a 
peKMM Harpesa nposoAMnM KaK s npwwepe 2. 

KOMnoaMTHblM MHOrOXMnbHblC^ npoBOA 

nponycKanM Mepea aony nosbiLueHMR 
reMneparypbi 10, s KoropOM ero HarpesanM aa 
30 cAo 105O'*C. flanee nposoA sbiAep>KMBanM b 
aoHe Bb!Aep>KKM 1 1 npM sroi^ reMneparype s 
reMeHMe 1 mmh, a aareM nponycKariM Mepea 
oxna>Kflaiou^MM peaepsyap 13, s KoropoM ero 
oxjia>KAanM aa 30 c ao KOMHaTHoK 
reMneparypbi. nocne aroro rpM raKMX npoBOAa 
CKpyMMsanM b nyMOK c maroM 50 mm. 



nojiyHeHHbiC^ TaKMM o5pa30M cKpyMeHHbiC^ 
npoBOA B flajibHef^LueM noABepraJiM 
TepMOo6pa6oTKe b BaKyywHOM sneKxpuHecKOM 
nenn npn 750°C b TeneHne 50 h, raK >Ke KaK b 
npuMepe 1 , A^^fi nonyneHUfl cBepxnpoBOAflinero 
CKpyneHHoro npoBO/;a v\3 NbsAL 

ripuwep 13 

TpM KOMnOSMTHblX Cu/Nb/AI MHOrOJKMflbHblX 

npoBOfla. onucaHHbix b nprnwepe 1, cKpynnBajin 
B nynoK c maroM 30 mm Ann nony^eHun 
KOMnosMTHoro cKpyneHHoro npoBOfla. 3tot 
KOMnosMTHbiC^ CKpyneHMbiCi npoBOfl nponycKann 
nepea ipyG'^aTyio sneicrpMHecKyio nenb 12 b 
aTMOcc^epe aaora. raK Ke ksk b npniuepe 1 , 
npkiTOM )Ke pe>KMMe Harpeaa. A HweHHO, 
CKpyneHMbiM npoBOfl nponycKann Mepea 30Hy 
noBbiiueHMn TeMneparypb! 10, b KOTopoM ero 
Harpesann aa 30 c flp 900 °C. flanee npoBOA 
BbiAep>KMBanM b aoHe BbiAep)KKM 11 npn stom 
Tewneparype b reneHne 1 mmh, a aarew ero 
nponycKann nepea oxJia>KAaHD 141/1 peaepByap, b 
KOTOpoM ero aa 30 c oxna>KAann ao KOMHarHoR 
TeMneparypbi. 

06pa6oTaHHbiR raKMM oSpaaoM cKpyHeHHbiM 
npoBOA B AanbHeCiLLieM noAseprann 
TepMOo6pa5oTKe b BaicyyMHoR aneKipuqecKoCi 
nenn npn 750°C b TeneHne 50 h, tsk >Ke KaK b 
npuMepe 1 , ^^9\ nonyHeHMfl CBepxnpoBOAwiMero 
CKpyHSHHoro npoBofla M3 NbaAI. 

ripuMep 1 4 

TpH K0Mn03HTHbtX Cu/Nb/A( MHOrOKMJlbHbiX 

npoBOAa, onucaHHbix b npi^wepe 1, CKpyHnaann 
B nynoK c LuaroM 30 mm Anfi nojiyHeHUR 
KOMnoanTHoro cKpy^eHHoro npoBOAa. 3tot 
KOMnoanTHbiM CKpyneHMbM npoBOA nponycKaiiii 
Hepea TpyGHaryio oneicrpi/iHecKyMD nenb 12 b 
aTM0c4)epe aaora, raK >Ke KaK b npuMepe 1 , npn 
pexMMe Harpesa KaK b npuwepe 2. A HMeHHO, 
cKpynenHbiM npoBOA nponycKani/i Mepea aoHy 
noBbiiueHun TeMneparypbi 10, b KoropoR ero 
HarpeBajiM aa 30 c ao 1050°C. flanee npoBOA 
BbtAep>KMBanM b aoHe BbiAepKKM 11 npn 3to\^ 
TeMnepaiype 1 mmh. a aareM nponycKann nepea 
oxjia>KAafOLi4MM peaepsyap 13. b kotopom aa 30 c 
ero oxna>KAann Ao KowHaTHOM TeMneparypbi, 

06pa6oTaHHbiC^ raKMM oOpaaoM cKpyMeHHbiR 
npoBOA B AanbHei^LiieM noABeprann 
TepMOo6pa6orKe b eaKyyMHoR a/ieKTpwMecKOf^ 
neHM npn 750 °C b TeneHMe 50 h, raK >Ke KaK b 
npuMepe 1 , A^fl nonyHeHun csepxnpoBOAWLAero 
CKpynsHHoro npoaofla na NbsAI. 

CpaBHMTeribHbiM npmwep 

Tpn KOMnoanTHbix Cu/Nb/AI MHoro>KMnbHbix 
npoBOAa, onucaHHbtx b npMwepe 1, CKpynnBajin 
b nynoK c LuaroM 30 mm atia nojiyMeHn^i 
KOMno3MTHoro cKpyHeHHoro npoBOAa. 3tot 
KOMnoanTHbiC^ CKpynenHbii^ npoBOA noflBeprann 
TepMOo6pa6oTKe b eaKyyMHOi^ 3/ieKTpMMecKoCi 
nenn npn 800°C b renenne 10 m Ann nonyHeHMA 
CBepxnpOBOAHLAero CKpyneHHoro npOBOAa na 
Nb 3AI. 

CBepxnpoBOAflLAMe npoBOAa na Nb 3AI n 
CBepxnpoBOAflLAMe cKpyneHHwe npoBOAa na 
Nb 3AI, nonyHeHHbie cornacHO npuwepaM or 1 
AO 14 M corjiacHO cpaBHurejibHOMy npuMepy, 
McnoribaoBann pps^ naMepeHi/iii nnorHocru 
KpurnnecKoro roKa npn 4.2 Km 12 T, a raioxe 
AHH nawepeHut^ sepxHero KpurnnecKoro 
MarHMTHoro nona npv\ 4.2 K. MawepeHMe 
KpnrnHecKOM nnoTHocru roKa nponasoAMnocb Ha 
ynacrKax, HecoAep«aiAMX MeAb. Peaynbrarbi 
noKaaaHbi b Ta6nm4e. 

Ha raSnimbi ornerjiUBO bhaho, hto 



cBepxnpoBOAflLnne npoBOAa na Nb 3AI n 
cBepxnpoBOA5^Li4Me cKpyneNHbie npoBOAa na 
Nb 3A!. nonyneHMbje cornacHO npnMepaM 1-14, 
MMerar 6onee BbicoKne nnorHocrn KpurwHecKoro 

^ TOKa no cpaBHeHMio c csepxnpoBOAniAMM 
CKpyqeHHbiM npoBOAOM NbgAI r, nonyHeHHbiM b 
npMMepe, kicnonbaoBaHHOM a-ha cpaeHeHi/in. 

Mao6pereHiie npiiMeHMMO raKxe n Ann 
naroroBJieHMH KaryLueK MHAyKTMBHOcrn c 
BbicoKOM njiorHOcrbK) KpMrnHecKoro roKa, npn 

10 McnonbaoBaHMM An?i HawoTKn 

cBepxnpoBOA^iiAero npoBOAa Nb 3AI, KoropbiP^ 
naroTOBjieH cornacHo AaHHOwy naoGpereHMro m 
npM nocneAyK>LneM TepMOo6pa6oTKe aroR 
KaryLUKM. 

CornacHO AaHHOMy naoepereHnKD, KaK 
onMcano Bbiiue. BoaMo>KHO naroroBnTb 
cBepxnpoBOAS^LHWf^ npOBOA us NbsAI, HMekDLunn 
OAHopoflHbie xapaKTepncTMKn BAonb Been 
ATiMHbi npoBOAH nnn nyHKa. cooTBercTBeHHo, c 

BblCOKOt^ KpnTMHeCKOfl nnOTHOCTbK) TOKa. 

20 riOGTOMy, AaHHOe M3o6peTeHMe npMMeHMMO 
TaK)Ke An?i MaroTosneHM?! KpynHoraSapnTHbix 
npoBOAHkiKOB nnn KaryiiieK, 

CornacHO AaHHOMy nao6peTeHMKD ner 
Heo6xoAMMOCTM noABepraTb npoBOA 

nHreHcwBHoP! o6pa6oT}ce npM ero naroroBneHnn, 

25 noaroMy ncKnMDHaercfl onacHocrb paapbiea 
npOBOAa. cneACTBueM Mero nsnnercfi 
noBbiLueHMe nponaBOAnTenbHOcrn nponecca ero 
naroTOBjieHnfl. 

MaoOperenne He orpaHMHnBaercfi 
npnBeAOHHbiMii nnnfocrpai^nnMn n npHMepaMM. 
CymHOCTb M o6-beM AaHHoro M3o6pereHMfl 
orpaHM"^nBaH3TCfl ronbKO npusHaKawn cfiopMynbi 
n3o6peTeHMn. 

ct>opMyna 11306 pereH win: 

1 . Cnoco6 naroroBnennn cBepxnpoBOA^LAero 
35 npoBOAa na NbaAI. npn KoropoM KOMnoai/ir, 

coAep>KaL4MPi Nb n Al, noABeprafor 
TepMoo6pa6oTKe. BKntcnajCLnefi aranbt narpesa 
M oxna>KAeHMf?. ornnHafoinni^cFi rew, hto 
KOMnoanr, coAepKaiunC^ Nb n Al. c^DopMnpyfor b 
BMAe KOMnosMTHoro Nb/AI-npoBOfla, cocTo?iLi^ero 
M3 MerannnMecKoro Nb nnn cnnaBa Nb n 
MeTannnHecKoro Al Mnn cnnasa A!, a npn 
TepM0oGpa6oTKe nonyneHHoro KOwnoanrHoro 
Nb/AI-npoBOAa nepeMeLu^akDr ero Hepea aony 
noBbtLueHi/ijq rewneparypbi nenn Ann narpesa or 
KOMHaTHoPi TeMneparypbi ao ycraHOBneHHofi 
TeMneparypbi, aarew nepeMemaKDr narperbiM 
KOMnoaMTHNM Nb/AI-opoBOA "-lepea aony 
BbiAep>KKM TeMneparypbi nenn ahfi 
BbiAep>KHBaHHFi ero npM ynoM^Hyroti 
ycraHOBneHHOt^ reMneparype. aareM 

SO nepeMeii^aior KOwnoanrHbiM Nb/AI-npOBOA, 
BbiAep)KaHHbiM npn ycraHoaneHHoPi 

reMneparype, Mepea aony oxna>KAeHn5^ ati^i ero 
oxna>KAeHMn or ycranoBneHHoi;^ rewneparypbi 
AO KOMHarnoCi reMneparypbi, nocne Hero 
ocyLLj,ecrBnfl jor aaKJiioHnrenbHyio 

55 Tepwoo6pa6orKy KOMnoanrnoro Nb/AI-npoBOAa, 
npoLUBALuero nepes 30Hy oxna>KAeHMn, npn aroM 
onepamnn narpeea KOMnoanrnoro 

Nb/AI-npoBOAa, ero BbiAep>KKH npn 
ycraHOBneHHoP^ reMneparype n oxna>KAeHnfl 
ocyLLj,ecrBnnior nenpepbiBHO npn HenpepbiBHOM 
nepeMeu^eHnM KOMnoanTHoro Nb/Ai-npoBOfla. 

2. Cnoco6 no n. 1 , ornnHaioLAnttcyi rew, nro 
BpeMH HarpeBa KOMnoanrnoro Nb/AI-npoBOAa n 
BpeMfi ero oxna>KAeHnR BbiOnparar b npeAenax 

1 MMH. 

3. Cnoco6 no n.1 nnn 2, ornnHafoinnncH rew, 
4TO ycraHOBneHHyK) reMneparypy Bbienpaior no 



MSHbLuePi Mepe 800°C, 

4. Cnoco6 no nioeoMy H3 nn. 1 3, 

OTnMHaKDU4MtlCfl TBM, HTO K0Mn03k1THb!M 

Nb/A!-npoBofl BKJifOHaer b ce6w Meflb unw cnnaa 

5. Cnoco6 no JihoGowy na nn. 1 4, 
OTnuHahDu^Mt^cfl tsm, hto KOMnoaMTHbtC^ 
Nb/Al-npoBofl naroTaBJiMBaJOT nyreM 
nnacTMMHOw npoKaxKM. 

6. Cncco6 no nfoGoMy ki3 nn.1 5. 
oinnHaiou^MMCfl tsm, hto npn ocymecTaneHUM 
3aicnioHMTenbHOM TepMOo6pa6oTKM HarpeaaKJi 
npoujeflUJMM Hepea aoHy oxjia>K;aeHMfl 
KOMnosnTHbiM Nb/AI-HpoBOA flo TeMneparypb! He 
6onee 600°C b TeneHne no MSHbiiieM Mepe 10 h. 

7. ycTBHOBKa Ann W3roTOBneHM« 



csepxnpoBOA^iLnero npoBOAa m3 Nb 3AI, 
coflepJKaLL^aH cpeACTBO Harpeea M cpeACTBO 
oxna>KfleHMn, oinnMartJinaiqcn tsm, hto 
coflepKUT cpeACTBO flnw noflann ki 
nepeMei4eHH5R KownoanTHoro Nb/Al-npoBOAa, 
cocTOflLnero m3 werajiriMMecKoro Nb nnn cnnaea 
Nb M MerannnMecKoro Al unw cnnaaa Al, 
cpeACTBO HarpeBa BbinonneHo b bma© neni/i, 
MMejoLi^ei^ 30Hy noBbiiiieHMfl TeMnepaiypbi m 
30Hy BbiAep>KKM reMneparypbi, pasMeu^eNHbte 
nocneAOBaTenbHo Ha nyin nepeMeinsHnw 
KownoanTHoro Nb/AI-npoaoAa, a cpeACTBo 
oxna>KAeHi/iH BbinonHeHO b aWAe oxna>KAaK)LJ4ero 
peaepByapa, paaMeineHHoro Ha nyin 
nepeiweiAeHkifl KOMnoawTHoro Nb/AI-npoBOAa aa 
30HOM BbiAep>KKH TewnepaTypbJ nenw. 
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TaejiHua 1 



BepxHee KpHTH^ecKoe 
MarHHTHoe nojie (4,2 K) 



ripHMep » KpHTH^ecKan 

nJIOTHOCTb TOKa 



O 



npHMep 1 680 A/mm^ 21^5 T 

npHMep 2 85 0 A/mm^ 22 T 

npHMep 3 , 78 0 A/mm^ 21,8 T 

npHMep 4 74 0 A/mm^ 21,6 T 

npHMep 5 790 A/mm2 22 T 

□pHMep 6 680 A/mm^ 22 T 

npHMep 7 530 A/mm2 21,8 T 

npHMep 8 320 A/mm^ 21,5 T 

npHMep 9 820 A/mm^ 21^9 T 

npHMep 10 780 A/mm^ 21,7 T 

npHMep 11 550 A/mm^ 21,5 T ^ 

o 

npHMep 12 710 A/mm^ 22 T ^ 

npHMep 13 650 A/mm^ 21,5 T C^' 

npHMep 14 820 A/mm^ 22 T 
CpaBBHTeJlbHbift 

npHMep 49 0 A/mm^ 20 T 
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